Effects of change in weather conditions on the yields of Basmati 370 and IR 2793-80-1 cultivated under System of Rice Intensification (SRI) in Mwea and Western Kenya irrigation schemes were assessed through sensitivity analysis using the Ceres rice model v 4.5 of the DSSAT modeling system. Genetic coefficients were determined using 2010 experimental data. The model was validated using rice growth and development data during the 2011 cropping season. Two SRI farmers were selected randomly from each irrigation scheme and their farms were used as research fields. Daily maximum and minimum temperatures and precipitation were collected from the weather station in each of the irrigation schemes while daily solar radiation was generated using weatherman in the DSSAT shell. The study revealed that increase in both maximum and minimum temperatures affects Basmati 370 and IR 2793-80-1 grain yield under SRI. Increase in atmospheric CO 2 concentration led to an increase in grain yield for both Basmati and IR 2793-80-1 under SRI and increase in solar radiation also had an increasing impact on both Basmati 370 and IR 2793-80-1 grain yield. The results of the study therefore show that weather conditions in Kenya affect rice yield under SRI and should be taken into consideration to improve food security.
Introduction
Agriculture is always vulnerable to unfavorable weather events and climate conditions. Despite technological advances such as improved crop varieties and irrigation systems, weather and climate are important factors, which play a significant role in agricultural productivity [1] . The impacts of climate change on agricultural food production are global concerns and, for that matter, Kenya is not an exception. Climatic factors such as temperature, rainfall, atmospheric carbon dioxide, and solar radiation, among others, are closely linked to agricultural production.
An analysis of the trends in temperature, rainfall, sea levels, and extreme events points to clear evidence of climate change in Kenya. Studies indicate that temperatures have generally risen throughout the country, primarily near the large water bodies [2, 3] . Other projections also indicate increase in mean annual temperature of 1 to 3.5 ∘ C by the 2050s [4] .
The country's arid and semiarid lands (ASALs) have also witnessed a reduction in extreme cold temperature occurrences [5] . In recent years, Kenya has experienced food shortages arising from declining farm productivity owing to low fertility levels, high input costs, and unreliable weather in the face of a rising population. Being one of stable foods in Kenya, rice productivity is a major concern. Understanding rice production in relation to weather changes is of great importance to boost food productivity.
The system of rice intensification (SRI) offers the opportunity to improve food security through increased rice productivity by changing the management of the plants, soil, water, and nutrients while reducing external inputs like fertilizer and herbicides [6] . The system proposes the use of single, very young seedling with wider spacing, intermittent wetting, and drying and use of mechanical weeders which also aerates the soil and enhances soil organic matter [7] .
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Crop growth simulation models provide the means to qualify the effects of climate, soil, and management on crop growth, productivity, and sustainability of agricultural production [8] . These tools can reduce the need for expensive and time-consuming field trials and could be used to analyze yield gaps in various crops including rice [9] . This study therefore focuses on the assessment of the effects of change in weather conditions (temperature, solar radiation, and atmospheric CO 2 concentration) in Kenya on Basmati 370 and IR 2793-80-1 grain yield cultivated under system of rice intensification using the CERES modeling system.
Methodology

Description of the Study Area.
The study was conducted in four national irrigation schemes in Kenya, namely, Mwea in Kirinyaga county, Ahero in Kisumu county, Bunyala in Busia county, and West Kano in Kisumu county. The four irrigation schemes were chosen to allow for comparative analysis since they occur in different regions of the country of diverse variations and also to make model calibration and validation possible. Mwea irrigation scheme is situated in Kirinyaga county of Kenya. It lies within latitude 37
∘ 13 E and 37
∘ 30 E and longitude 0 ∘ 32 S and 0 ∘ 46 S. The West Kano irrigation scheme is bounded to the west by Lake Victoria, to the north and south by Nyando and Nyabondo escarpments, respectively, and to the east by the footsteps of Tinderet highlands. It occupies the major part of Kano plains which is located between longitudes 34 48 and 35 02 and between latitudes 00 04 and 00 20 south [10] and lies to the eastern side of the shores of Winam Gulf of Lake Victoria. It occupies 841 hectares (ha) at an altitude of 1137 m above sea level.
Bunyala irrigation scheme is located in Busia county of Kenya. It lies in an area with alluvial soils in an altitude of 1135-1200 m above sea level and it draws its water from Nzoia River and is situated in two locations, namely, Bunyala central which is in Busia district and Usonga in Siaya. Ahero irrigation scheme is located at 0 ∘ 08 03 S, 34 ∘ 58 07 E, 1168 m above sea level, and in the middle of the Kano plain, 25 km southeast of Kisumu town. The climate of the Kano plain is relatively dry and the average temperatures are high during the day and the soil of the scheme is of the black cotton type and is rather fertile [11] .
Material, Methods, and Data Collection
Plant Material.
Basmati 370 and IR 2793-80-1 rice varieties were used in this study. This is because they are the two commonly grown varieties in Kenya.
Field Selection and Design.
From each of the four irrigation schemes under study, two SRI farmers were randomly selected and their farms were used as research fields. The rice profile and management practices from nursery till harvest were monitored.
SRI Management Practices Adopted.
The crop management data (i.e., agronomic data) required by the model include planting date, planting density, row spacing, planting depth, irrigation amount and frequency, fertilizer application dates, and amounts. The major crop management input data used in the model for simulations in each irrigation scheme are shown in Table 1 , which represent typical practices under the system of rice intensification in these irrigation schemes under consideration. The system of rice intensification fundamentals as described by Uphoff [13] comprises (i) early (8-15-day-old seedling) and quick, shallow (1-2) transplanting, (ii) transplanting single seedling per hill, (iii) wider spacing in a grid pattern, (iv) alternate wetting and drying of the soil, (v) use of push rotary weeder, and (vi) enhancing soil organic matter.
Data Collection.
The minimum data sets for the system analysis and crop simulation described in Technical Report of IBSNAT [14] were used as a guide. Data set for this study was obtained from surveys, interviews with the farmers, observations, sample analysis, and use of existing data from meteorological stations and administration offices in Mwea, Bunyala, West Kano, and Ahero irrigation schemes.
The following data was collected as follows:
(i) daily weather data: maximum and minimum air temperature, precipitation, and solar radiation (calculated using weatherman),
(ii) soil data: involved collection of set of input data on soil characteristics at 5 cm and 25 cm depths before and during the cropping season (July to December 2011) for Mwea, Ahero, West Kano, and Bunyala irrigation schemes on soil classes, bulk density, organic carbon (%), sand silt clay (%), soil texture, pH of soil in water, organic carbon, cation exchange capacity, total nitrogen, potassium, and phosphorus, 
Data Analysis.
The CERES rice model version 4.5 of the DSSAT modeling system which is an advanced physiologically based rice crop growth simulation model was used to predict rice (Basmati 370 and IR2793-80-1) growth, development, and response to various climatic conditions prevailing in the four irrigation schemes. This was through determination of duration of growth stages, dry matter production and portioning, root system dynamics, effect of soil water and soil nitrogen contents on photosynthesis, carbon balance, and water balance [15] followed by sensitivity analysis to assess the effects of change in weather conditions on Basmati 370 and IR 2793-80-1 grain yield under system of rice intensification.
Model Calibration.
The model was calibrated using Mwea irrigation scheme trials July to December 2010 cropping season SRI experimental data for both Basmati 370 and IR 2793-80-1 for the main cropping season 2010 as reported by Ndiiri et al. [16] . This was through determination of genetic coefficients for both Basmati 370 and IR 2793-80-1 using Gencalc 4.5 software in the DSSAT 4.5 software and assumed to apply to Ahero, West Kano, and Bunyala irrigation schemes.
Model Validation.
The model was validated using the rice growth and development data under SRI from Mwea, Bunyala, Ahero, and West Kano irrigation schemes during the cropping season July to December 2011. This was done by comparing the observed results with simulated yield. In this study, combination of graphical, tabular, and statistical analysis was applied. Model performance evaluation was presented by the absolute Root Mean Square Error (RMSE) and Root Mean Square Error normalized (RMSEn). Both characteristics are common tools to test the goodness of fit of simulation models. The RMSE (1) between the simulated and observed values for a data set with measured points and the RMSEn (2) are defined as
where Si = simulated value, Ob = observed value, and = number of observations. The observed data points may be from one treatment or multiple treatments [17] . Goodness was evaluated visually and by computing index of agreement ( ). The index of agreement is defined by [18] as shown in (3). The computed values of RMSE and value determine the degree of agreement between the predicted values with their respective observed values, and a low RMSE value and a value that approaches 1 are desirable. Consider
Normalized RMSE (RMSEn) was used to give a measure (%) of the relative difference of simulated versus observed data. The simulation was considered excellent with a normalized RMSE less than 10%, good if the normalized RMSE was greater than 10 and less than 20%, fair if the normalized RMSE was greater than 20% and less than 30%, and poor if the normalized RMSE was greater than 30% [19] .
Results and Discussion
Weather Conditions during the Cropping Season.
According to Hay and Walker, [20] the primary atmospheric variables that impact on crop growth are solar radiation, air temperature, humidity, and precipitation. They mentioned that extreme weather at critical periods of a crop's development can have large effects on its productivity and yield.
Mwea Irrigation Scheme Atmospheric and Hydrological Variables.
The climate of Mwea irrigation scheme is tropical governed by seasonal monsoon rainfall patterns which are bimodal. During 2011, maximum and minimum temperatures, rainfall, and solar radiation varied as shown in Figure 1 . During the cropping season, the mean maximum temperature ( max ) and minimum temperature ( min ) were 27.4 ∘ C and 19.2 ∘ C, respectively. Mean solar radiation was 16.5 MJ/m 2 while total precipitation was 439 mm.
Ahero Irrigation Scheme Atmospheric and Hydrological
Variables. Figure 2 shows the atmospheric and hydrological variables for 2011 and part of 2012 in Ahero irrigation scheme. The mean maximum temperature ( max ) and minimum temperature ( min ) during the cropping season were 30. 
Bunyala Irrigation Scheme Atmospheric and Hydrological Variables.
Rainfall, solar radiation, maximum temperature ( max ), and minimum temperature ( min ) for Bunyala irrigation scheme varied as shown in Figure 4 for 2011 and part of 2012. The mean maximum and minimum growth temperatures were 29.4 ∘ C and 17.8 ∘ C, respectively, while the mean solar radiation was 19.8 MJ/m 2 with a total precipitation of 482.3 mm during the entire cropping period.
Genetic Coefficients Determination.
The genetic coefficients for both Basmati 370 and IR 2793-80-1 rice cultivars were determined (calibration) by Gencalc software in the decision support system for agrotechnology transfer (DSSAT) using experimental data on real plot research in Mwea irrigation scheme 2010 and the results were assumed to apply to Ahero, Bunyala, and West Kano irrigation schemes. These are the phenological and growth genetic coefficients as described by Peng et al. [21] . Hunt's technique [22] of genetic coefficient calibration was used. This technique estimates genetic coefficients using field data. The processes was finally accomplished by running the model with appropriate coefficients, comparing model output with actual data, adjusting coefficients, and repeating process until acceptable fits were obtained. Table 2 shows the calculated genetic coefficients for Basmati 370 and IR 2793-80-1.
The simulation was considered excellent with a normalized RMSE less than 10%, good if the normalized RMSE was greater than 10 and less than 20%, fair if the normalized RMSE was greater than 20% and less than 30%, and poor if the normalized RMSE was greater than 30% [19] . With a normalized RMSE of 1.528%, the GRAIN YLD target line coefficients were taken as the best coefficients used in this study for Basmati 370. Percentage of RMSE was calculated using the number of data values, not the degrees of freedom. With %RMSE of 11.45, the GRAIN YIELD target line coefficients were taken as the best coefficients used in current study for IR 2793-80-1.
The final values for the eight cultivar coefficients that determine vegetative (P1, P5, P2O, and P2R) and reproductive (G1, G2, G3, and G4) growth and development for Basmati 370 and IR 2793-80-1 are presented in Table 2 . The cultivar coefficient P1 defines the time from seedling emergence to the end of juvenile phase (GDD). The coefficient P2O is the extent at which the development occurs at a maximum rate. The coefficient P2R is the extent to which phasic development from vegetative to panicle initiation was delayed for each hour increase in photoperiod above P2O. The coefficient P5 is the time from grain filling to physical maturity. The coefficient G1 defines the maximum spikelet number coefficient. The cultivar coefficient G2 is the maximum possible single grain size under stress free conditions. The coefficient G3 defines the scalar vegetative growth coefficient for tillering relative to IR64. The cultivar coefficient G4 defines the temperature tolerance scalar coefficient.
Genetic coefficients are sets of parameters that describe the genotype and environmental interactions [14] . They summarize quantitatively how a particular cultivar responds to environmental factors. Estimation involves use of field or growth chamber studies, many samples, and exposure to different photoperiods. Genetic coefficients can be determined in controlled or field conditions. However plant growth in controlled environment chambers often differs markedly from growth in the field. Since most model users do not have controlled environmental facilities, most determinations will use field data [23, 24] . that the model performed well in predicting the yield. The regression analysis gave a coefficient of determination ( 2 ) value of 0.786 ( Figure 5 ). In general, the results from the model validation indicate that CERES rice version 4.5 was able to predict growth and development for Basmati 370 and IR 2793-80-1 under SRI in Mwea and Western Kenya irrigation scheme in a good manner and therefore can be applied as a study tool.
Main Growth and Development Variables for
The -stat of a "good" model should approach unity and the RMSE approach zero. The RMSE is considered as the "best" overall measure of model performance as it summarizes the mean difference in the units of observed and predicted values [25, 26] .
Sensitivity Analysis on Climatic Adaptations
Effects of Temperature Change.
Temperature regime greatly influences not only the growth duration but also the growth pattern of the rice plant. During the growing season, the mean temperature, the maximum and minimum temperature, rainfall distribution pattern, and diurnal changes, or a combination of these, may be highly correlated with grain yields [27] . Effects of increase in temperature on Basmati 370 grain yield in Mwea irrigation scheme and IR 2793-80-1 rice grain yield in Ahero, West Kano, and Bunyala irrigation schemes were assessed by increasing the maximum and minimum temperatures by +1, +2, +3, +4, and +5 followed by subsequent simulations.
The simulated results in Table 5 show that increase in both maximum and minimum temperature led to a decrease in Basmati 370 grain yields planted under system of rice intensification in Mwea irrigation scheme. As compared to maximum temperature, increase in minimum temperature had more pronounced negative impacts on Basmati 370 yield. This more pronounced negative impact of minimum temperature on rice yield could be explained by increased respiration losses during the vegetative phase [28] and reduced grainfilling duration and endosperm cell size during the ripening phase [29] .
Temperature regimes greatly influence not only the growth duration, but also the growth pattern and the productivity of rice crops. The critical temperatures for the development of the rice plant at different growth phases are highlighted by Yoshida [12] as shown in Table 6 .
Other studies on rice productivity under global warming also suggest that the productivity of rice and other tropical crops will decrease as global temperature increases. Mohandrass et al. [30] , using the Hadley-coupled model, predicted a yield decrease of 14.5 percent for summer rice crops across nine experiment stations in India in 2005. Peng et al. [28] reported that the yield of dry-season rice crops in the Philippines decreased by as much as 15 percent for each 1 ∘ C increase in the growing season mean temperature. In Bangladesh, the impact of climate change on high yield rice varieties was studied by Karim et al. [31] , using the CERES rice model and several scenarios and sensitivity analysis. They found that high temperatures reduced rice yields in all seasons in most arid locations. At a mean maximum temperature of 27.4 ∘ C and a mean minimum temperature of 17.4
∘ C under the SRI management practices in West Kano irrigation scheme, the model simulated the grain yield for IR 2793-80-1 under SRI to be 8.299 t/ha for West Kano environment. As shown in Table 7 (a), increase in maximum temperature up to +3 led to an increase in IR 2793-80-1 grain yield and decreased beyond +3 ∘ C. Yield at minimum temperature also increased with increase in minimum temperature up to +2 beyond which it was not able to be simulated.
The mean maximum and minimum temperatures for the entire cropping period for Ahero irrigation scheme 2011 were 30.1 ∘ C and 17.0 ∘ C, respectively. These mean temperatures resulted in a yield of 4.459 t/ha. Changing these values at an interval of plus 1 ∘ C resulted in changes in the simulated yield as shown in Table 7 (b). The simulated results in Table 7 (b) show that increase in maximum temperature led to a decrease in grain yield except for the increment of +1 and +4. Minimum temperature increment also led to changes in yield but in a decreasing as well as increasing pattern. Increase in maximum temperatures in Bunyala irrigation scheme led to increase in IR 2793-80-1 grain yield up to +3 beyond which it led to a decrease in yield (Table 7 (c)). Minimum temperature increase up to +1 also led to increase in yield beyond which it could not be simulated as the minimum temperature becomes unfavorable. Hardacre and TurnbulL [32] state that temperature affects the duration of crop growth and consequently the time during which incident radiation can be intercepted and transformed to dry matter. Temperature also affects final leaf number [33] and leaf canopy development [34, 35] which defined crop leaf area index, thereby determining the proportion of the incident radiation intercepted [36] by the crop and accumulation of dry matter. At the same time, while using ORYZA1 and INFOCROP rice simulation models at the current CO 2 levels [37] predicted average rice yield changes of −7.20 and −6.66%, respectively, for every 1.8 ∘ C increase in temperature.
Temperature is considered to be one of the dominant factors that affect the growth and yield of rice. Each phase has its low and high temperature thresholds. The effect of temperature on vegetative growth of rice plants was reviewed in relation to germination, early growth, rooting, tillering, and the critical temperature common for different physiological plant properties that were 0-3 ∘ C, 15-18 ∘ C, 30-33 ∘ C, and 45-48 ∘ C, respectively [38] . Low temperature in early growth stages retards the development of seedling and dry matter production [12] . In tropical regions, the temperature increase due to the climate change is probably near or above the optimum temperature range for the physiological activities of rice [39] . Such warming will thus reduce rice growth. In addition, higher temperatures will cause spikelet sterility owing to heat injury during panicle emergence [40] .
Changes in mean temperatures can shorten the time to maturity of a crop, thus reducing yield. Other experimental International Journal of Agronomy studies have also shown that even a few days of temperature above a threshold value, if coincident with anthesis, can significantly reduce yield, through affecting subsequent reproductive processes [41] . Generally, the effect of increasing temperature above the tolerance limit on rice potential production is generally negative. Temperature beyond the optimum level reduces the photosynthesis, increase the respiration and shorten the vegetation and grain-filling periods. Rice yield is negatively correlated with high (>35 C) temperature during the reproductive phase [40] .
Effects of Change in Solar Radiation.
The mean solar radiation levels recorded in Mwea irrigation scheme were 16.5 MJ/m 2 during the entire cropping period. Through sensitivity analysis, the effects of solar radiation on Basmati 370 grain yields under SRI in Mwea irrigation scheme were assessed by addition of solar radiation up to 5 MJ/m 2 at an interval of 1 unit and their yield simulated as shown in Figure 6 .
Increase in solar radiation led to an increase in grain yield for Basmati 370 cultivated under SRI in Mwea irrigation scheme. At a mean solar radiation of 16.5 MJ/m 2, the model simulated Basmati 370 grain yield under SRI to be 5.935 t/ha. Increase in solar radiation up to 5 MJ/m 2 /day at an interval of 1 unit ( Figure 6 ) resulted in 1.85-20% increase in Basmati 370 grain yields under SRI. Van Keulen [42] using a simulation model predicted that an increase of 20% in total global radiation resulted in 10-20% increase in grain yield of rice. Similarly an overall decrease in solar radiation by 20% depressed the yield by 30% due to incomplete light interception during the postanthesis phase. Figure 7 shows the solar radiation requirements of rice at different stages of growth and development. Monteith [43] found the relationship between solar radiation and grain yield of wheat. The study indicated that grain yield was the product of the intercepted light, the efficiency of conversion of intercepted light to dry matter, and partitioning of dry matter to grains. The model simulated results showed that increase in solar radiation led to an increase in grain yield for IR 2793-80-1 under SRI in West Kano irrigation scheme but up to a certain limit which in this case was 21.2 MJ/m 2 ( Figure 6 ). This may be attributed to the fact that vegetative growth of most plants increases linearly with solar radiation up to a limit beyond which no further increase occurs [44] . In a simulation study on the effect of solar radiation on growth of wheat and rice, it was revealed that the maximum Leaf Area Index was reduced by 7.6% in wheat and 5.9% in rice when the solar radiation was decreased by 10.0% from normal. On the other hand, with increase in radiation by 10%, LAI increased in wheat by 7.1% [45] . Further, the grain yield of wheat increased from 0.7% to 6.8% and rice from 1.2% to 13% when solar radiation was increased up to 10% and the grain yield declined under decreasing amounts of solar radiation.
Increase in solar radiation in Bunyala irrigation scheme had an increasing impact on IR 2793-80-1 grain yield under SRI as shown in Figure 6 . This is attributed to favourable solar radiation levels during the growth and development stages. Stansel et al. [46] state that solar radiation requirements of rice differ from one stage to another. Shading during the vegetative stages affects yield and yield components slightly. During the reproductive stages, however, shading has a very pronounced effect on spikelet number and yields. Shading during ripening periods also decreases the percentage of filled spikelets and reduces grain yields considerably. 2 
Effects of Change in Atmospheric CO
Concentration.
The standard CO 2 concentration for the current study was 380 ppm. Sensitivity analysis was done to determine the effects of change in CO 2 concentration by increasing it at an interval of 100 ppm up to 500 ppm from the standard concentration of 380 ppm. Increasing the CO 2 concentration by 100 ppm, 200 ppm, 300 ppm, and 400 ppm increased the Basmati 370 grain yield under SRI in Mwea irrigation scheme by 9.1%, 20.3%, 20.9%, and 42.5%, respectively (Table 8 ). According to Mott [47] , this positive performance can be attributed to four key parameters: a decreased stomatal aperture, enhanced photosynthesis, increased total biomass, and changed biomass partitioning.
At a standard CO 2 concentration of 380 ppm in West Kano irrigation scheme, the simulated IR 2793-80-1 grain yield under SRI was 8.299 t/ha. Increase in CO 2 concentration in West Kano irrigation scheme led to an increase in IR 2793-80-1 grain yield under SRI. Compared to the yield at standard CO 2 concentration, increase in CO 2 concentration by 100 ppm, 200 ppm, 300 ppm, and 400 ppm led to a 4.3%, 8.7%, 9.4%, and 12.2% increase in IR 2793-80-1 grain yield, respectively, under SRI (Figure 8 ).
Carbon dioxide is the prime substrate for photosynthesis. Majority of plants, including rice, fixed CO 2 via C3 pathway. At ambient CO 2 levels, C3 pathway is less efficient than C4 pathway due to the enzyme. Rubisco has dual and competing affinity to both O 2 and CO 2 . At elevated CO 2, the carboxylation rate increases which will increase photosynthesis of C3 plants. Studies with rice have indicated that elevated CO 2 generally increases tiller number, photosynthesis, biomass, and grain yield as well as plant nitrogen (N) uptake and biological N fixation [48] .
Simulations of IR 2793-80-1 grain yield under different concentrations CO 2 in Ahero irrigation scheme are shown in Figure 8 . These predictions were made using a standard concentration of atmospheric CO 2 of 380 ppm and then increased at a level of 100 ppm, 200 ppm, 300 ppm, and 400 ppm. Increasing the CO 2 concentration by 100 ppm and 400 ppm from the standard CO 2 concentration of 380 ppm led to 16.8% and 54.2% increase in grain yield, respectively.
At 380 ppm standard CO 2 concentration in Bunyala irrigation scheme during 2011, the model simulated a yield of 4.662 t/ha for IR 2793-80-1 under SRI. Increasing the concentration by 100 ppm, 200 ppm, 300 ppm, and 400 ppm from the standard concentration, the effects of change in CO 2 on IR 2793-80-1 under SRI were assessed and the corresponding yields were simulated as shown in Table 8 . The results in Table 8 reveal that increase in CO 2 concentration in Bunyala irrigation scheme led to an increase in IR2793-80-1 grain yield cultivated under SRI. Increasing the CO 2 concentration by 100 ppm led to 39.0% increase in grain yield, 200 ppm by 55.6%, and 300 ppm by 67.1% and 400 ppm by 81.9%. Similar studies indicate that rice is particularly responsive to increased carbon dioxide concentration. According to Hunsaker et al. [49] , high carbon dioxide concentrations increase water use efficiency. In addition, high carbon dioxide levels increase plants' resistance to salinity and drought and increase nutrient uptake [50] .
Conclusion
Weather changes affect Basmati 370 and IR 2793-80-1 yield under SRI in Kenya. Increase in maximum and minimum temperatures beyond optimum temperatures for rice production led to a decrease in yield and minimum temperature changes had more profound negative impacts as compared to maximum temperature changes. Change in atmospheric CO 2 concentration led to an increase in Basmati 370 and IR 2793-80-1 grain yield. Increase in solar radiation in Mwea irrigation scheme led to an increase in Basmati 370 grain yield and also an increase in IR 2793-80-1 grain yield in West Kano and Bunyala irrigation schemes. Therefore to improve rice production under system of rice intensification in Kenya, proper understanding of the prevailing weather conditions and regular monitoring is necessary.
